The pollutant uptake capacity of the surface beneath forest canopies is poorly understood. In this study we show that the eddy correlation method can be applied within a canopy. Direct measurements of SO2 and 03 deposition to the forest floor of two deciduous forests were made with the eddy correlation method. For dry periods the surface uptake resistance for SO2 was of the order of 700 s m -1 . When the soil and litter were moist, the SO2 surface uptake resistance was small, resulting in deposition velocities at the forest floor that were about 2 times greater than during dry periods. SO2 deposition to the forest floor constitutes between 20 and 30% of total uptake to the forest ecosystem were about 2000 s mfor both wet when the surface is moist. Soil surface uptake resistances for 0 3 1 and dry periods.
INTRODUCTION
Recent assessments of the total deposition (wet and dry) of nitrates and sulfur compounds suggest that dry deposition can comprise between 30 and 70% of the total atmospheric input (not including cloud water interception) to ecosystems ; $irois and Barrie, 1988]. These assessments are based on inferred deposition rates that are derived from measurements of ambient pollutant concentrations and
estimates of the deposition velocity (V a). With this approach, the flux (F) is determined as F = Va(z)C(z).
Various schemes have been used to estimate Va. In simple schemes, V a is specified according to the land use and time of year [Wesely, 1989] . In more detailed schemes like those described by Hicks et al. [1987] and Wesely and Lesht [1989] , the deposition velocity for the various pollutants of interest are modeled using standard meteorological data and detailed information about the site. This includes an estimate of the leaf area index (LAI) and specification of the various plant species that comprise a particular site. Deposition of pollutants to ecosystems includes not only uptake by the vegetative components but also uptake by the ground surface that lies beneath the canopy. The ground surface is not usually bare soil (with the exception of tilled agricultural systems) but is covered with detritus from decaying organic matter and understory vegetation. The chemistry which governs the overall sink potential for a surface also depends on the amount and existence of either liquid or frozen (snow) H20 covering the surface. For example, Cadle et al. [1985] found that the SO2 deposition velocity over snow depends on the snow surface temperature. Despite these effects the surface resistance is generally assumed to be a static quantity.
The diffusion of material from the atmosphere to soil surfaces takes a tortuous path that is comprised of three pathways: from the atmosphere (concentration Ca) to just outside a quasi-laminar layer above the ground surface (concentration Co), across an unsteady viscous layer to the soil surface (concentration Csfc), and finally from surface to reaction sites within the soil surface (concentration Ci). This 
Ra(z) + Rt, + Rs
R a is the atmospheric diffusive resistance and is characterized by the level of vertical turbulent mixing. The nearsurface transport, which is mainly controlled by molecular diffusion processes is characterized by R b. The surface uptake resistance (Rc), also called the bulk canopy resistance, quantifies the overall pollutant uptake capacity for a given surface or surfaces, including both soil and vegetative components. This is generally not constant as it can depend on surface wetness, and how the surface was wetted (rainfall or dew). Equation (1) reduces to the commonly used deposition velocity concept, where F = (Ra(z) q-Rb + Rs)-•'Ca(Z) = Va(z) ß Ca(z) when the internal pollutant concentration (C i) is assumed to be zero. Measurements of SO2 uptake by calcareous soil surfaces have been reported to be large [Garland, 1977] , with surface uptake resistances that were not significantly different from zero. No significant effect of soil moisture was observed. In laboratory experiments, Abelles et al. [1971] and Terraglio and Manganelli [1966] found that SO2 uptake was strongly influenced by the availability of soil moisture. Average deposition velocities ranged from 0.3 to 0.6 cm s -• for wet soils compared to 0.2 cm s -• for dry soils. Garland [1977] found an increase in the deposition velocity to soils with higher pH. Payrissat and Beilke [1974] report that a pH increase from 4.5 to 7.7 corresponds to a 10-fold decrease in the soil surface resistance to SO2 uptake. Petit et al. [1977] found that the surface soil resistance ranged between 300 and 400 s m -• for soils with a p H of 3 and were roughly a factor of 10 lower for soils with higher values of pH.
Early studies suggested that deposition to soils beneath vegetation was relatively small compared to the uptake of an active canopy. For example, Fowler and Unsworth [1979] estimate that the deposition to the soil beneath a cereal canopy is only 5 to 10% of the total flux to the agricultural plot. However, direct measurements of sulfur deposition to the forest floor have yet to be made.
Deposition rates of similar magnitudes to soils have been found for 03. In laboratory experiments, Turner and Waggoner [1973] In any case, uptake of SO2 by the ground surface can constitute a significant fraction of the overall deposition to an ecosystem. Dry deposition to the soil or litter surface represents a component of the total deposition that cannot be measured using either leafwashing or throughfall methods. Models which are used to infer seasonal and annual deposition rates of O3 and SO2 have relied upon the aforementioned studies to parameterize the sink capacity of the forest floor for pollutants. However, actual measurements of dry deposition to ground surfaces within forests are lacking. The direct input to soils is important in the characterization of biogeochemical recycling in forest ecosystems. As a result, several experimental investigations were conducted to evaluate the role of the forest floor as a sink for O3 and SO2. Results from experiments conducted at two research sites are presented and discussed. The effect of water availability on the magnitudes of the dry deposition rates is also explored. The implications regarding the effect these results have on estimated seasonal and annual SO2 deposition budgets are discussed. the large scales to penetrate to the lower canopy. However, a recent study by Shaw and Zhang [1992] suggest that turbulence in the lower canopy levels is generated mainly by pressure perturbations created aloft.
SITE CHARACTERISTICS AND
A slope of + 1, which is observed for the data from the SO2 analyzer, is typical of a white noise spectrum when nS(n) is plotted against n on a log-log plot. This feature is expected when trace gas analyzers are operated during periods when 
